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PRE- LAUNCH TASKS PROPOSED | N OQUR CONTRACT OF DECEMBER 1991

V& propose, during the pre-ECS phase to: (1) develop, wth
other MODI'S Team Menbers, a means of discrimnating different
maj or biome types with NDVI and ot her AVHRR- based data. (2)
devel op a sinple ecosystem process nodel for each of these biones,
Bl OVE- BGC based on the logic of the current FOREST-BGC, (3) relate
t he seasonal trend of weekly conposite NDVI to vegetation
phenol ogy and tenperature limts to develop a satellite defined
growi ng season for vegetation; and (4) define physiologically
based energy to nass conversion factors for carbon and water for
each bi one.

Qur final core at-launch product will be sinplified,
conpletely satellite driven biome specific nodels for ET and PSN
based on this nodified %DVI |ogic. These algorithnms will be in
MODI SDI S before launch. W will build these bione specific
satellite driven algorithnms using a famly of sinple ecosystem
process nodels as calibration nodels, collectively called Bl QOVE-
BGC, and establish coordination with an existing network of
ecol ogi cal study sites in order to test and validate these
products. Field datasets will then be available for both Bl OVE- BGC
devel opnent and testing, use for algorithm devel opments of ot her
MODI S Team Menbers, and ultimately be our first test point for
MDI S | and vegetation products upon |aunch. W will use field
sites fromthe National Science Foundation Long- Term Ecol ogi cal
Research network, and devel op d acier National Park as a major
site for intensive validation

OBJECTI VES:
W have defined the foll owi ng near-termobjectives for our
MODI S contract based on the | ong term objectives stated above.
- Organi zation of an ECS ground nonitoring network with
collaborating U S. and international science agencies.
- Devel op advanced | ogic for |andcover classification using
carbon cycle simulations from Bl OVE- BGC
- Devel op inproved algorithns for estimating LAl and FPAR for
di fferent bione types from AVHRR dat a.
- Devel opnent of a generalized ecosystem process nodel,
Bl OVE-
BG&C, for the simulation of the carbon, water and nitrogen
cycles for different biones.
- Inplenentation of the A obal Ecol ogical Simulation System
( GESSys) .
- Use GESSys to estimate continental net prinmary production
(NPP) and O for the gl obe.
- Begin formal software engineering of our MO S products,
#14



Leaf Area I ndex and Fraction Absorbed Photosynthetically
Active Radiation, and Daily Photosynthesis - Annual Net
Primary Production, #16 and 17.

WORK ACCOVPLI SHED:

Qur MODI'S Team now consi sts of SWRunni ng, Team Menber,
E.R Hunt Jr. and R Nemani, Associate Team nenbers, and Joe M
d assy, Software Engineer. The following will be reports on
i ndividual activities during this reporting period.

ACTIVITIES OF SWRunni ng - Team Menber

ECS- | WG
SWRunni ng was el ected Chair of the ECS Land Panel in
Sept enber. This position requires attendance at all |W5 neetings

and all ECS Science Executive Conmttee neetings. The first Land
Panel neeting was held at the W5 neeting in October 1994.

Organi zation of an ECS ground nonitoring network with
collaborating U S. and international science agencies.

ECS- LTER

A joint proposal to NASA and the National Science Foundation
was conpl eted and submtted Novenber, 15 1994. It is now under
revi ew.

A obal Terrestrial Gbserving System (GIQs)

SWRunni ng participated in a neeting of the joint d obal
Cimate and 3 obal Terrestrial Coserving System ( GCOS- GTCS)
Terrestrial Cbserving System Janaury 9-11 in Asheville, North
Carolina. An organized international network of field sites for
val i dati ng MODLAND sci ence products is in the planning stages.

GAP Anal ysi s Project

The GAP analysis project is a USNational Biol ogical Service
funded project to map wildlife habitat in each state using high
resolution satellite imagery. | have contacted the national GAP
of fi ce about sharing their database with the MODLAND teamto use
as a validation source for our Landcover algorithm Details of
thi s agreenment are bei ng devel oped.

| GBP Bi ospheric Aspects of the Hydrol ogi c Cycle (BAHC)

The | GBP-BAHC SSC al so net in Wallingford, UK July 14-16. a
wor kshop for designing a network of coordinated trace gas fl ux
towers globally is schedul ed that has high inportance for ECS
MODLAND product validation.

BOREAS pr oj ect

W plan for BOREAS to provide us with a wealth of field data
for MODLAND al gorithmtesting and validation. Field neasurenments
of LA, FPAR and NPP are all part of the BOREAS experinent. A
BOREAS nodel i ng test was reported on during a neeting during | FG 2
on July 23-24 in Prince Al bert, Saskatchewan. SRunning al so
attended the BOREAS Sci ence Team neeting in Decenber 1994



A Journal article summari zing the products planned by
MODLAND during the ECS era.
The MODLAND nmanuscript was finally published in the
International Journal of Renote Sensing. See reference bel ow

MEETI NGS ATTENDED ( SWR)

Ecol ogi cal Soci ety of America annual Meeting, August 1994,
Knoxville, TN

Host ed neeting on "Pre-launch MODI' S sinulation data", Chaired
by Al Fleig, GSFC. Fl athead Lake, Mntana Septenber 1994

MODI S Sci ence Team Meeting, Cctober 1994

ECS- 1| W5 Meeti ng Oct ober 1994

"Wor kshop on Desktop Conputer Environnent in the ECS Era,
Novenber 1994.

PUBLI CATI ONS ( SWR)

Running, S.W, C Justice, V. Salononson, D. Hall, J. Barker, Y.
Kauf mann, A Strahler, A Huete, J.-P. Muller, V. Vanderbilt,
Z. M Wan, P. Teillet, and D. Carnegie. 1994. Terrestri al
renote sensing science and al gorithns planned for ECS/ MODI S.
International Journal of Renote Sensing 15:3587-3620.

Running, S W, T.R Loveland, L.L. Pierce, & ER Hunt, Jr. 1994.
A renote sensing based vegetation classification logic for
gl obal |and cover anal ysis. Renbte Sensing of Environment (in
press).

ACTIVITIES CF E R Hunt, Assoc. Team Menber
oj ectives (ERH)

M/ first objective was to |l ead the NTSG effort for gl obal carbon
sinulations in collaboration with C. David Keeling and Steven
Pi per at the Scripps Institution of Cceanography.

M/ second objective was to test BI OVE-BGC predictions for three
different ecosystens, a tall-grass prairie at the FIFE site
near Manhattan, Kansas, a deciduous forest site at Cak Ridge,
Tennessee, and a northern hardwood site in New Brunsw ck,
Canada. Testing BIOVE-BGC in different ecosystens is
important to test the generality of its ecosystem process
| ogi c.

O her objectives were to test VO of the ORNL DAAC to gain
experience with ECSDI'S, to further test Bl OVE-BGC code by
working with other users, work with long-termdata sets to
test BIOME-BGC sensitivity to global climatic change,

Travel

Attended Cak Ridge National Laboratory Distributed Active Archive
Center (ORNL DAAC) User Working G oup neeting, 3-5 August
1994. W prioritized in rank as the nost scientifically
i mportant various data sets to be incorporated into the ORNL
DAAC. Particularly inportant for MODIS is the plan to perform
aliterature review of net primary production val ues



Participated in NASA's Terrestrial Ecol ogy Program peer review
panel to render advice on the inportance and suitability for
fundi ng of unsolicited proposals, 19-20 Septenber 1994.

Trip to Scripps Institution of Cceanography, 26 Novenber to 2
Decenber 1994 to finish global sinulations and prepare
nmanuscri pt.

Wor k Acconpl i shed

d obal Simul ations using Bl QVE- BGC

Bl OVE- B&C (for Bi oGeochem cal Cycles) was nodified into a
gl obal nodel of Net Ecosystem Exchange (NEE) of CQ2 incorporating
the 7 land cover types defined by Running et al. (1994). Using a
resolution of 1 latitude by 1 longitude grid cells of the |and
surface, we are attenpting to validate the output of gl oba
version by conparing nodel outputs with the nonthly atnospheric
CO» concentrations neasured at Mauna Loa and ot her stations around
t he worl d.

The highlight of the ast 6 nonths was the conpletion of the
final set of global simulations of net primary production (NPP)
and heterotrophic respiration (Rh) in a collaborative project with
Charles David Keeling and Steve C. Piper. The current version used
a nore consistent paraneter set and corrected data | ayers. The
result was 52 Pg carbon for global npp (Figure 1) and 53 Pg for
global Rh (Figure 2). These results are unique as other globa
carbon nodel s assune potential vegetation and use nmean nonthly
climatic data, whereas we used actual daily clinmate data and NDVI
for the year 1987. The difference i s net ecosystem exchange (NEE)
and simul ated daily NEE was used as inputs to an atnospheric
transport nodel. W then conpared sinmul ated and neasured
at nospheric COp concentrations for validation (Figure 3). W were
reasonably consistent with neasured data for the northern
hem sphere (Figure 3A) but not for the southern hem sphere (Figure
3B). The northern hem sphere is domnated by terrestrial
ecosystens whereas the souther hem sphere is dom nated by the
oceans. Currently, these results are being prepared for
publ i cati on.

Results from FI FE data anal ysi s

The transition fromessentially one-di mensi onal cal cul ati ons
to three-dinmensional, |andscape scale sinulations requires the
i ntroduction of such factors as neteorol ogy, clinmatol ogy, and
geonor phol ogy. By using renotely sensed geographic i nformation
data for inportant nodel inputs, process-based ecosystem
sinmulations at a variety of scales are possible. The second
objective of this study is concerned with determ ning the accuracy
of the estimated fluxes from Bl OVE- BGC, when extrapol at ed
spatially over the entire 15-km by 15-km FIFE site. To acconplish
this objective, a topographically distributed map of soil depth at
the FIFE site was devel oped according to the nethod of Zheng et
al. (in press). These spatially-distributed fluxes were then



tested with data fromaircraft by eddy-flux correl ati on obtai ned
during the FIFE experinment.

Six site description variables were identified that could be
acqui red using standard renote sensing and A S techni ques. These
vari abl es are: el evation, slope, aspect, soil depth, |and cover
type, and | eaf area index. To execute the nodel for each grid
cell we will create 530 by 530 (30mresolution) binary files for
the six variables and use themas input. An image of forest cover
and an i mage of croplands were conbined to create the cover type
coverage (Figure 2). This image wi Il determ ne which
physi ol ogi cal pathway the nodel will follow The oak forests were
defined for nodel paraneterization as deci duous broadl eaf forest,
the croplands as C3 grasslands, and the tallgrass prairie as C4
grassl ands.

Data were avail abl e through the FIFE Informati on Systemon a
series of five CD-ROW (Strebel et al. 1992). A digital elevation
nodel (DEM, and images of slope and aspect were avail abl e on
volune 5 fromFrank Davis. Al nmaps were coregistered to a 30
nmeter by 30 nmeter ground spatial resolution, using the UTM
projection. Slope and aspect were derived by taking | ocal
derivatives of elevation in the x and y direction. Soil depth was
estimated usi ng maxi mum and nmean val ues of soil depth in
conjunction with a topographic index, In(f/tan-) where ¥ is the
area that drains through a given cell on the DEMand , is the
sl ope of the cell, using the nethod of Zheng et al. (in press).

Leaf area index (LAI) is the only variable that was altered
t hrough the year, so images of LAl were created for three FIFE
"gol den days" during the sunmer of 1987 (June 6, July 11, August
15). These days are optinum because satellite observations and
surface-flux data are conplete. LA was determ ned using Landsat -
TMinmagery (Figure 4) for the three gol den days. The nost commonly
used ratio is the normalized differential vegetation index (NDVI):

NDVI = (NIR - RED)/(NIR + RED) (1)
where NNR is reflectance fromthe ground surface in wavel engt hs
between 0.76 and 0.90 Em and RED is the refl ectance between 0.63
and 0.69 Emfor Landsat-TMimages. LAl was determ ned from NDVI
using the SAIL nodel (K F. Huemmrich, personal communication),
whi ch assumes an exponential rel ationship between NDVI and LAI:

LAl = -In ((NDVIX - NDVI) / NDVId) / k (2)
where NDVIXx is the NDVI value for an infinitely thick canopy,
nmeasured to be 0.877 for a tall-grass prairie; and NDVId is the
di fference between NDVIx and the NDVI of the background, equal to
0.454, and k, the extinction coefficient, is 0.834 (K F.
Huemmri ch, personal conmuni cation).

W display the sinulated evapotranspiration (Figure 5) and
net ecosystem exchange (Figure 6) for 530 by 530 pixels for the
entire FIFE site for 2 dates. Figure 7 shows the differences
bet ween t hese two dates (August simulations - June simnulations).
W pi cked these dates because the vegetati on shows the greatest
differences in LAI. In June values of ET are highest in the
deci duous forests and | owest in the croplands. Values are higher
across the i mage on August 15 because: a large stormon August 13
that recharged the soil; very high net radiation; and very high
vapor pressure deficit. The largest differences in NEE were found



in areas of deciduous forest and occupyi ng the steepest slopes and
cropl ands which went fromO LAl in June to maxi mum LAl in August.
Surprisingly, NEE remnai ns approxi mately constant between the two
dat es, al though both photosynthesis and respiration decreased in
August conpared to June, due to a | ower LAl

O the two dates, presented in this study, only August 15,
1987, has corresponding aircraft eddy-flux correlation data from
Desjardins et al. (Journal of Geophysical Research, FlIFE Speci al
| ssue, 1992) for conparison to the predictions. W are currently
conparing flux neasurenments for July 11, 1987 and for the FIFE-89
Canpai gn. The predicted and nmeasured fl uxes have different units
and different tenporal scales; hence the null hypothesis is that
the predictions and neasured val ues are not correlated. W found a
significant relationship between nmeasured and predi cted NEE
thereby rejecting the null hypothesis.

The R2 is not what we woul d consider high, only 0.27,
i ndi cating we have not explai ned nost of the variance of NEE at
the FIFE site for this date. However, previous validations
conparing NPP al ong the Oregon transect occurred over a very |large
change in precipitation, hence a higher R2 was expected there. W
are continuing to anal yze these data.

O her wor k acconpl i shed.

The work from New Brunswi ck and Cak R dge are going wel |,
much of the data are still being analyzed. | amplanning to
present sem nars on both sets of work in |ate February, 1995.
Several graduate students are testing Bl OVE- BGC ext ensively
t hensel ves, and | spent considerable time checking up on their
guestions about the code and results.

Publ i cati ons:

Krenmer, R G, EE R Hunt, Jr., S. W Running, and J. C. Coughl an.
1994. Sinulating vegetational and hydrol ogi c responses to
natural climatic variation and GCM predicted climatic change
in asem-arid ecosystemin Washington, U S A Journal of
Arid Environnents (in press).

Franklin, S. E, M B. Lavigne, E R Hunt, B. A Wlson, D. R
Peddle, G J. McDermd, and P. T. Gles. In review
Topogr aphi ¢ dependence of synthetic aperture radar inmagery.
| EEE Transactions on Ceosci ence and Renote Sensing.

Zheng, D., S W Running & E R Hunt, Jr. In review Prediction of
avai l abl e soil water capacity based on topographic anal ysis
for regional applications. Landscape Ecol ogy.

Waring, RH, J.B. Way, ER Hunt, Jr., L. Mrrisey, R Oen, J.
Ranson, & J.Wishanpel. In review. Renote sensing w th radar
i n ecosystem studi es. Bi osci ence.

Hunt, EE R, Jr. (in preparation). Effects of climatic data
resol uti on on ecosystem processes: Testing the sinulation
Model , BIOVE-BGC, with flux data fromthe FI FE experi nent.
Agricul tural and Forest Meteorol ogy.



Rollins, M G (in preparation). Conparing sinulated and neasured
H2O and COp fluxes spatially over the 15-km by 15-km FI FE

site. M5 Thesis, University of Mntana, M ssoul a.

Rollins, M G and EE R Hunt, Jr. (in preparation). Conparing H2O
and G2 fluxes neasured with eddy-flux aircraft with
predictions froman ecosystem process nodel for the 15-km by
15-km FI FE site.

Hunt, E R, Jr., R Nemani, S. C Piper, SO W Running, C D
Keeling. (in preparation). dobal net carbon exchange and
i ntra-annual atnospheric CO2 concentrations predicted by an
ecosystem si mul ati on nodel and three-di nmensi onal atnospheric
transport nodel.

H dayat, A & ER Hunt, Jr. Submtted. Relationship of AVHRR- NDVI
to seasonal drought for an evergreen tropical rainforest in
U ung Kul on, Indonesia. International Journal of Renote
Sensi ng.

Present ati ons

Hunt, EE R, Jr. Invited Semnar to the Botany and Geography
Departnents, University of Womng entitled, "Estimation of
Ecosystem Carbon Fl uxes at Local and d obal Scales,” 16
Sept enber 1994.

Rollins, M G 1994. Conparing neasured and si mul at ed
evapotranspiration for the FIFE site. Annual Meeting of the
Mont ana Chapter, American Water Resources Associ ation.

ACTIVITIES CF R Nemani, Assoc Team Menber

OBJECTI VES

M/ objectives were to 1) revise ATBD for LAl and FPAR
products, 2) continue devel opnent and testing of |and cover
classification logic, 3) estimation of global |and cover change
and its inpacts on clinmate and carbon cycl es.

Wor k Acconpl i shed

Al gorithm Techni cal Basis Docunent (ATBD)

Over the last six nonths, ATBD for MDD S products # 14 (Leaf
Area Index) and # 15 (FPAR) was revised to include reviewer's
comments. The 3-D radiative transfer nodel of M/neni was
custom zed to produce a | ook-up-table (LUT) of LAl and FPAR for
gl obal grasslands, to be used in conjunction wth AVHRR/ Pat hfi nder
data. Ancilliary information on soils, |eaf optical properties
and phenol ogy is being assenbled for grasslands. W will produce a
first generation LAI/FPAR product for gl obal grasslands using the
LUT approach custom zed for AVHRKR Pat hfinder (8 km data.

Land cover classification



A sinple renote sensing based | and cover classification
schene was devel oped for regional to global applications. This
| ogic was tested over the continental U S with reasonabl e success.
d obal inplenmentation of this logic is being pursued with the
recently avail abl e AVHRR/ Pat hfi nder dat a.

Meet i ngs Attended
MODI S Sci ence Team Meeting, Cctober 1994
| GBBP Wrkshop "Plant Functional Types", Novenber 1994,
Pot sdam Ger many
AQJ Fal | neeting, Decenber 1994

Publ i cati ons

Nemani, R, and S. Running. 1995. Land cover classification
using multi-tenporal red, nir and thernmal IR AVHRR dat a.
Ecol ogi cal Applications (in review

Nemani, R, and S. Running. 1995. d obal vegetation cover
changes fromsatellite data. Journal of Geophysical Research-
At nosphere (in review

Nemani, R, and S. Running. 1995. Satellite nonitoring of
gl obal | and cover changes and their inpact on climate. Cimatic
change (in review)

Nemani, R, and S. Running. 1995. Satellite nmappi ng of gl oba
bi ome distribution and simnmulated variability in biospheric
processes. Journal of Vegetation Science (in review.

Present ati ons

"dobal |and cover changes and their inpact on climate', AGJ
Fal | neeting, Decenber 1994.

"The proposed MODI S Vegetation O assification |ogic" | GBP
Meeting on Plant Functional Types, Potsdam GCernany

On-going Activities

LAl and FPAR Products

Anal yze the 3-D nodel output to find sinple ways to correct
for background and vi ewi ng geonetry.

Land cover classification

The generality of our logic is being tested with AVHRR dat a
col l ected over various climte and vegetation conditions around
the gl obe. This work is being pursued in collaboration with Dr.
Strahler (U of Boston), Dr. Eric Lanmbin (JRC, Ispra) and Tom
Lovel and (ERCS Data Center).

d obal |and cover change

W are starting to work with various climnmate nodeling groups
to anal yze the inpacts of changes in |and cover on gl oba
t enper at ur es.

ACTIVITIES OF J. M GLASSY, Software Engi neer



OBJECTI VES

M/ objectives were to 1) revise the Programm ng and Practica
Constraints section of the FPAR-LAI ATBD, 2) continue working on
t he design and inpl enentation of the FPAR~LAI MJDI S al gorithm
codes, 3) investigate alterative sources for global scale daily
climatol ogy datasets suitable for use in our NPP algorithm 4)
| ocate and retrieve key input datasets for al gorithm devel opnent,
and 5) continue devel opnent of the Univ. Mntana SCF
sof tware/ hardware infrastructure.

WORK ACCOVPLI SHED

FPAR~LAI ATBD Progranm ng section revisions

Several iterations on the design concept and inplenmentation
of our FPAR~LAI Al gorithm product have been performed during this
period. A revised Programm ng and Practical Constraints section
for our FPAR-LAI ATBD has been conpl et ed, added needed detail to
the process and data fl ow di agrans, as well as docunenting our
| at est FPAR~LAI | ookup table (LUT) design.

FPAR~LAI Al gorithm Code Devel opnent

Progress in the FPAR al gorithm devel opnent effort has been
made during this period on both the design and prototype
i npl enentation fronts. A draft Al gorithmInpl enentation Plan
(AIP) for the FPAR~LAI product set has been conpleted; this plan
descri bes the specific nethodol ogy and procedural detail required
to inplenment the algorithmin software. For the prototype effort,
a hierarchical software architecture has been adopted, underpi nned
by the ECSDI S Sci ence Data Production (SDP) Toolkit v.3 and the
forthcom ng SDST Tool kit. A base software service |ayer
(MODI S~Uni v. Montana, or MUM has been designed to provide
function services shared by all MOD'S algorithnms our |ocal SCF is
responsi ble for. A prototype MM APl has been i npl enent ed,
currently as a sinple application progranm ng interface (API)
designed to be conpatible with the SDP Tk v.3 and the SDST
Tool kit. The particular algorithmcodes (FPAR~-LAI, NPP, and
eventual ly ET and surface resistance) are all built on top of the
MUM sof tware | ayer servi ces.

The FPAR~LAlI algorithmis now designed to include two najor
segments: a LUT generation phase, and a LUT client phase. The LUT
itself is being generated using the 3-D Myneni radiative transfer
(R T codes) nodel nodified for our production use at the SCF. A
wor ki ng prototype of the Myneni nodel is now available, and is now
undergoing testing. The LUT client software will be the user's
interface to the final LUT, and thus represents the nmain
deliverable. In a parallel effort to the LUT generation
activities, synthetic LUTs have now been generated using custom
SCF software, for use in testing the prototype LUT client
sof t war e.

Increnental inprovenents in the LUT client |ogic have been
made, and once a verified generation of the prototype global scale
GRASS bi ome | ookup table is available later this spring, full up
tests may begin on the LUT client software. A trial build of the



ECSDI S SDP Tool kit v.3 has now been nade; problens in the build
sources have prevented us thus far fromtesting the toolkit,
however; we are in the process of getting these resolved. Support
sof tware packages retrieved and built include the 3 oba

Cart ographi ¢ Transform Package (GCTPc), the MapGen and GMII mappi ng
support toolsets, as well as the utilities offered by the AVHRR
Pat hf i nder team (goodes, hdftobin.sh etc). W now have avail abl e
a full set of software for processing the special science data
formats (HDF, CDF, netCDF) that the AVHRR Pathfinder data is
supplied in.

Identification of 3 obal Scale Al gorithmIlnput Datasets

For the NPP al gorithm devel opment effort, a gl obal scale
daily climtology ancillary dataset has been identified that
shoul d suit our needs. SDST staff Rich Hueck and NOAA s Robert
Kistler were instrunental in hel ping connect us to the NOAA/ NMC
gridded climate dataset (e.g. gdasl. TOOZ. SFLUXG bF06, etc). NOAA
suppl i ed software for processing these NMC datasets (BUFR and GRI B
sources) has been retrieved and i s bei ng eval uat ed.

For the FPAR-~LAI algorithm a proxy dataset for the MDD S
i nstrument providing gl obal coverage has been identified -- the
NASA AHVRR Pat hfi nder data products. Significant portions of
t hese data have already been retrieved onto the SCF facility
(1989, and portions of 1990). This global scale (8K resolution)
cont ai ns 5004x2168 pi xels per layer, with each granule requiring
approxi mately 227MB when unconpressed. Currently we have ordered
and received data for the full 1989 period (36 granules), with
addi tional orders placed for 1988, 1987, and 1990 AVHRR dat a.
Software facilities for processing this HDF/ net COF fornmat data are
in place and have been tested.

Devel opnent of the Univ. Mintana SCF |Infrastructure

Signi ficant progress has been made during this period in the
devel opnent of the Univ. Montana SCF facility. Several new | BM
RS/ 6000 41T cl ass (Power PC) workstati ons have now been delivered
and integrated into the SCF cluster, along with a grow ng
conpl erent of high capacity disk drives. Data handling software
built on the SCF now i ncludes full inplenmentations of software for
processing the HDF, CDF, net CDF science data formats. Data
anal ysi s and program devel oprment software now installed include
Splus/Trellis v.3.2 statistical software, Mathematica v.2.2.1 for
M5- W ndows, IBMs FORTRAN 77 and C conpilers, and a suite of
publ i c domai n packages have now been built on the SCF cluster:
(PVYM 1PWv.1.0, GCTPc, Mapgen, GMI, PBMPl us, Tcl/Tk/Wsh, G\U gcc
and utilities, etc). Packages now on order include the |BM
Fortran-90 and C/ C++ Software Wrkbench products and the Recital
RDBVS package. The Khoros and I DL software packages are al so
under consideration. Qur collaborator Dr. Myneni has a collection
of IDL routines we intend to use for validation and interpretation
of the 3-D R T nodel outputs.

MEETI NGS ATTENDED
| attended the NASA MODI S Sci ence Team Meeting held at
Col  ege Park, MD in Cctober of this year. Significant contacts



wer e established between our SCF and the TLCF and SDST | eader shi p,
as well as the MODLAND team | eadershi p.

ON- GO NG ACTI VI TI ES

The on-going activities now underway include conti nued
refi nement of the FPAR-LAI LUT client codes and the design of a 3-
D R T nodel execution environnent that will allow us to take
advant age of asyncronous parallel processing using a collection of
our RS/ 6000 workstations. Special attention is being paid to the
execution of the 3-D R T nodel used to generate the FPAR~LAI LUT
due to its conputational conplexity. The PVMsuite fromORNL is
currently under eval uation at our SCF.

Design and a prototype inplenentation has al so progressed on
a MU based RPC t ask-di spat chi ng/ merge software application:
tasktiler, a part of the MM software |ayer. This naster/slave
application is designed as a cooperative set of shell scripts and
C codes that dispatch a set of independent tasks (froma queue) to
a set of slave workstations. The master periodically polls the
asyncronous sl aves, and when all of these return a "status
conpl ete"” nessage, the nmaster application nmerges all slave outputs
into a single final output product.
fromjuly 1994

FI GURE LEGENDS

Figure 1. dobal net primary production during 1987 for 1
latitude by 1 longitude grid cells. Actual gridded daily
climatic data for 1987 and | eaf area index from 1987 NDVI
were used as inputs to Bl OVE- BGC.

Figure 2. dobal heterotrophic respiration during 1987 for 1
latitude by 1 longitude grid cells.

Figure 3. Conparison of simulated and nmeasured at mospheric CQ2
concentrations for 1987 at (A) Mauna Loa and (B) South Pol e.
The solid Iine is predicted atmospheric CO2 concentration
from
Bl OVE- B&C si mul ations, the dashed line is fromKeeling' s
previ ous nodel results published in an American Ceophysi cal
Uni on nonograph (AGUJ conposite), and the dotted Iine are the
neasured data. The G2 concentrations were scaled to the mean
annual CQ2 concentration to enphasize deviations fromthe
nean.

Figure 4. Leaf Area Index for the FIFE Site: (A June 12, 1987 and
(B) August 15, 1987. LAl was determ ned using the SAIL
nodel ,
whi ch was paraneterized for the FIFE site by Fred Hummerich
Radi onetrically corrected Themati c Mapper data fromthe FIFE
CD-ROM set was used to determ ne LAl for various dates during
1987, only two dates are shown here. The LAl ranges are:
Bl ack: 0
Bl ue: 0.1to 1.0



G een: 1.1 to 2.0
Yel | ow 2.1to 3.0
Red: 3.1to0 5.0

The hi gher val ues of LAl (red) correspond to areas of gallery
oak forest, and for crops in August. A shift in LA for
areas of tallgrass prairie nmay be seen, with generally | ower
val ues i n August conpared to June.

Figure 5. Simul ated evapotranspiration for the FIFE site: (A June

12, 1987 and (B) August 15, 1987. Daily evapotranspiration
(ET, mmday) is the sumof transpiration fromthe vegetation
and evaporation fromthe soil for these two dates. The ET
ranges are:

Bl ack: 0

Bl ue: 0.1 to 3.0 nmm day
G een: 3.1 to 4.0 mm day
Yel lowgreen: 4.1 to 5.0 nmi day
Yel | ow. 5.1 to 6.0 nmm day
O ange: 6.1 to 7.0 nmm day
Red: 7.1 to 8.0 nmm day

Figure 6. Simul ated net ecosystem exchange for the FIFE site: (A

June 12, 1987 and (B) August 15, 1987. Daily net ecosystem
exchange (NEg, g C n2/day) is daily photosynthesis net

aut ot rophi ¢ and heterotrophic respiration. The NEE ranges
are:

Bl ack: < -50 g d n2/day

G ay: -50 to 0 g U n2/day
Bl ue: 0.1 to 10 g U nR/ day
G een: 11 to 30 g T nk/day
Yel l ow-green: 31 to 50 g T nR/day
Yel | ow. 51 to 70 g U n2/day
Red > 71 g C nk/ day

Negative NEE indicates that autotrophic and heterotrophic
respiration are greater than daily photosynthesis.

Figure 7. D fferences between August 13 and June 12 of: (A)

Evapotranspirati on and (B) Net Ecosystem Exchange. The
ranges of difference in ET (August 13 value - June 12 val ue)

are:
Bl ack: 0 to 1.0 nmml day
Bl ue: 1.1 to 2.0 nm day
G een: 2.1 to 3.0 mm day
Yel | ow. 3.1 to 4.0 nmm day
O ange: 4.1 to 5.0 mi day
Red: 5.1 to 7.5 nm day
and the ranges of difference in NEE (August 13 val ue -
June 12 val ue) are:
G ay: 0 g U nk/day
Bl ue: 0.1 to 10 g U nR/ day
G een: 11 to 30 g T nk/day
Yel | ow. 31 to 50 g U nk/day
O ange: 51 to 70 g U n2/day
Red: 71 to 92 g U nk/day



Figure 8. Correl ati on between predicted net ecosystem exchange and
aircraft eddy-flux correlation data. Bl QOVE-BGC predictions
of daily net ecosystem exchange (NEE) g C m2 day-1 and NEE
nmeasured using aircraft eddy-flux correlation by Desjardins
et al. (1992). The foot print of the eddy flux aircraft was
66 by 32 pixels, resulting in 32 grid cells for the FIFE
site, so the sinulated fluxes were averaged within the foot
print.



